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ABSTRACT 

Obsermticns with the satell i te Explorer XIV t o  r a d i a l  

distastes of 16 

of the ewth  establish the mean geocentric radial  distance of 

the megnetosgheric boundary near the sun-earth line as 

* U. % during May-August 1963, a period of relatively law 

eeamagnetic activity i n  the epoch six years mer sunspot 

maxim. Isolated "spikes" of electrcms haviq  

40 i( Ee < 200 keV and Qnnidirecticml intensities lying 

between the detector's threshold of - 5 x 10 

(earth radii)  on the generally sunward side 

3 and 

N 10 5 2  (an set)" are af ten but not aAw8ys observed in a 

transition region of radial thickness 2 to 3 

magnetospheric ba?ndary. 

being i n  the high energy t a i l  of the spectrum of the quasi- 

thennalized plasma Ee - 1 t o  10 keV previously observed In 

this  region by Explorer XI1 B e m a n ,  Van Allen, and C a h i l l ,  

l g g  p e m a n ,  l9&i. The incidence of the spikes and the 

beyond the 

These electrons are interpreted as 

cmplexity and 

increasing . 
msgnetospheric 

'6 
intensity Orp their radiaJ. profile increase w i t h  

The geocentric radial distances of both the 

boundary and the outer boundary of the 

transition region increase with increasing angle f r a m  the 

sun-earth line taward local evening pnd the latter boundary 

apparently lies beyand 16 % on the local sunset meridian. 
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Electrons of energies exceeding 1.6 MeV are observed i n  

localized "hot spts" in the transition region near locd  

m o r n i n g ,  iolplying further heating of electrons in the s o l a r  

plasma as it flows around the magnetosphere. It is suggested 

that the temparal variations of intensity of electrans 

Ee 
attributed in large part to inward, radial diffusion of 

electrons %- 300 keV frm the magnetospheric boundary when 

relatively strong electron heating occurs in  the adjacent 

transition-region plasma during gemagnetically disturbed 

periods; and that a diffusian rrtechanism operates continuously 

w l t h b  the earth's rcagnetosphere, thus accaunting f o r  the 

sporadic, large increases of intensity of energetic electrons 

Ee - 1.5 MeV in the outer radiation zone follarlng periods of 

geoanagnetic activity as being due t o  a variable source in the 

transition region. 

N 1.5 MeV, far example, in the outer radiation zone can be 
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Phencroena in  the vicinity of the magnetospheric boundary 

WE! of interest in their  own r i g h t  as providing an example of 

t he  hteraction Gf 8 super-Alfvenic, magnetic plasma w i t h  an 

external. magnetic f d a l d  md as doing so on a physical scale 

which permits observations of' 5uicroscopic" details within the 

Interaction region by practical instruments. Further, it seeas 

quite likely that this interaction, or transition, regioE 

between the impinging solar plasma and the ordered ge-etic 

field is the source of most o f t h e  particle population of t he  

earth's radiation belts @'. early discussion by Vas Allen, 

McIlwain, and Ludwig, 195g. 

Coordinated observations of charged particles and of the 

magnetis f i e l d  vector with Explorer XI1 during late lg& have 

established the principal physical characteristics of' the 

magnetospheric boundary and af the transition region on the 

generally sursward side of the  earth Beeman, Van Allen, and 

cahi~, 1 9 q  Eosser e t  al., 1 9 g  &hill and hazeen, l g q  

&eman, l g g .  

(epoch, about 4 years after sunspot maximum) : 

(a) 

f i e l d  terminates abruptly (often wlthin a radial interval of 

the order of a few huudred kilmeters) a t  a geocentric radial 

A brief summary of this work is  as fallows 

Usually, t h e  not always, the ordered geomagnetic 
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distance lying between 52,000 and 66,OOO h (8.2 t o  10 earth 

radii) .  

within 83,600 Irm (apogee of‘ Estplorer =I). The magnetic 

discontinuity defines the magnetospheric boundary 

(magnetopause) in the observational sense. 

(b) The Intensity of electrons 40 4 Ee 4 100 keV drops 

precipitously at the magnetospheric boundary f’ram values of 

the order of 10 t o  10 inside the boundary to values less 

than - 3 x 10 (cm sec sr)” artside. The latter value 

correspmds t o  the approximate l i m i t  of sensitivity of the 

S .U.I magnetic spectraneter i n  Explorer XI1 . 
(c) Outside of the boundary and within a region of radial 

thickness 10,Ooo t o  20,000 km (3..6 to  3.1  earth radii)  there 

is observed often, but not always, a nore-or-less isotropic 

energy flux of particles of the order of tens of ergs 

(cm sec sr)-’. The dominant contribution is by electrms 

whose particle energies are 1 t o  10 keV and wbose intensit ies 

are of the order of 10 t o  10 

(The threshold sensitivity ae the detectar is about 

1 erg (em sec sr).’; hence this phenwnon may be much more 

canp~toa than observed w i t h  EKplorer XI1 but often of lesser 

intensity.) 

or interactian, region is interpreted t o  be a quasi- 

Sanetimes such a discatinuity is not observed 

- - 
5 6 

4 2  

2 

9 10 2 particles (cm sec sr).’. 

2 

The particle populatian within this transition, 



6 

thermalized plasma which has resulted fran the arrest of the 

directed flow Orp the solar wind as it encounters the geo- 

mwet i c  field. These observatlans provide an operational 

definition of the transition region. 

(d) 

variable i n  magnitude and direction w i t h  peak magnitudes af 

the order of 30 gmmas. 

( e )  

magnetospheric boundary is t h e  outer l i m i t  of the region 

within which durable geunagnetic trapE;ing of charged particles 

is possible. 

(f) The t h e o r e t i c a y  expected shock front pard, l g q  

Eellcgg, l g q  is not observed directly by EXplorer XI1 but 

is presumed t o  l ie a t  the outer surface of the region contain- 

the observed hot plasma and disordered magnetic field.  

The magnetic field within the transition regian is quite 

In view of (a) aud (a), it I s  concluded that the 

More sensitive measurements of the intensities of electrons 

Ee > 40 keV with Ekplorer XIV during 1962-63 LM, Van Allen, 

and Macagno, l g q  Bank, l g w  are more definitive than the 

carresponding ones with mlorer MI and show that the spatid. 

distribution of such electrans near the equatorial plane is 

characterized as follows: 

(a) 

w i t h i n  the magnetosphere in the radial range - 2 t o  8 

(earth radii)  . 

7 8 2  The omnidirectional intensity i s  - 10 t o  10 (cm sec)” 
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There i s  a precipitous drop of intensity within about 

near the  earth-sun km i n  the radial range - 10 to  12 

(local noon). 

Toward loca l  morning and local evening the mgnetospheric 

"boundary" is  no longer well defined by R single maJor dls- 

continuity of particle intensity but becanes diffuse and 

exhibits multiple peaks which undergo large temgmrd and spatial 

variations for distances beyond 8 RE. Slmila,r particle measure- 

ments have been reported In prelininary form by mlorer XVIII 

(IMP-I) experimenters on the basis of observations during 

Xovember-December 1963 (epoch about s i x  years after solar 

maximum). Also the existence of hot, isotropic plasma w i t h i n  

the transition region has been confirmed E e e  Internetional 

Geophysics Bulletin, No. 84, June l g q  and extensive 

magnetic measurements &30, Sceaxce, and Seek, l g q  have been 

m a d e  throughout the region of interest. 

The present paper summarizes Observations w i t h  

Ekplorer X I V  of the intensities of electrons Ee 3 40 keV 

near the magnetospheric boundary and within the transition 

region on the generally sunward side of the earth during the 

period May-August 1963 and considers the significance of the 

results. 
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&cplorer XIV was launched on October 2, 19&, into an 

orbit with perigee altitude of 281 kiltmeters, apogee 

alt i tude of 98,533 kilmeters, arbi ta l  inclination of 33", 

and period of 36.4 hours. 

launch was 0730; it progressed through local sunrise to 

local midnight, in late Januasy 1963, and through local 

sunset t o  local noon, ia July 1963. 

fran the satel l i te  was SubstantiaUy continuous frm launch 

unt i l  August 8, 1963. Cetailed descriptions of the S.U.I .  

cmplement of Geiger-Mueller tubes on Explorer X I V  and the 

interpretation of their respanses have been given pre- 

viously &a&, Van Allen, Whelpley, and Craven, 1 9 g  

@ank, Van Allen, and Hills, I g g .  

The local tirm.! of apwee at  

Transmission of data 

Figure 1 shows a representative set of detector responses 

as a Function of geocentric radial distance. 

magnetospheric baundary and within the transition region, 

the response (above gdact ic  cosmic ray background) o f  

GA. tube 21% is attributed uniquely to electrons having 

Near the 

< 200 keV since the capanion tube 2l3C with the same - 
gecnnetric factor and direction of "view" shows no dlscernible 

response. The 213c has the same Troton threshold (500 keV) 



9 

as the 213 but is equipped with a magnet in its collimator 

which excludes electrons Ee < 200 keV. 

The energy r aqe  of' the electrons which cause the 213 

response can be f'urther l imited as fallows: 

213A for detecting electrons through i t s  1.2 mg ano2 mica 

window has been measured With a laboratory electron gun. 

data. for the energy range 28 t o  90 keV have been published 

The efficiency of 

llie 

previously; the efficiency rises fran .V 10" ccFuIlt per electron 

et 30 keV t o  appraxlmately unity a t  50 keV Eigure 1 of 

Frank and Van Allen, l g q .  In view of the very large 

intensit ies ( - 10" (an2 sec)") of 1 t o  10 keV electrans in 

the t rans i t im region, the laboratory calibratiau of 2l3A has 

been extended down t o  5 k e V  in arder t o  determine i t s  

efficiency for non-penetrating electrons via the intermediate 

bremsstrahlung process. On the basis of the overall 

laboratory calibrations, Tsble I sumarizes the d d i r e c t i o n a l  

intensit ies and energy fluxes of' electrons of' various energies 

which are necessary t o  produce a 213A rate of 10 counts sed', 

a typical response in the  transition region. 

reference, the corresponiting responses of the 302 Geiger- 

Mueller tube also v i a  the intermediate bremsstrahlung process 

L m j  1 9 q  are included in Wble I; they are seen t o  be 

negligible in canparison t o  the cosmic ray background rate of 

- 2 counts (sec)" for the electron intensities and energies 

given there. 

- 

For later 
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Table I 

Qmidirectl& Intensities of Nanoenergetlc Electrons 
Correspondirg to a 213A Response of 10 C-tr (sec)'l 

Corresponding 

2 2 !Tibe Response 
302 GJ!. Electron Jo F 

Ebergy 
( k 4  (cm eec)" ergs (a counts (sec)'l 

5 

10 

15 

20 

36 

40 4 5 x 10 

4 

4 
8 x 3.0 

2 x 10 

3 103 

3 x lo1 

3 10-3 

3 

...I) 

2 x 10-1 

2 x ld2 

5 x 

5 x 10 -4 



basis for  obtaining a generoua upper limit Q I ~  the possible 

energy density of the transition-region plasma, w h i c h  in terms 

 or^ energy  flu^ ( - 1 t o  10 kev electrons) i s  100 to 500 ergs 

(a sec)”, lple directed interplanetary solar-plasma energy 

flux i s  - loo2 to 1 erg (cm ~ec)~’. 

densities of electrons Ee 4 15 keV required in order t o  

attr ibute the 2 1 3  response t o  their  bremsstrahlung 

2 

2 Hence, the energy 

(lbble I) are seen t o  be physically unacceptable. 

energy range Ee > 20 keV for which d4Lrect electron penetration 

becones inrportsnt, the efficiency of the 213 G.M. tube i s  a 

In  the 

very steep f’unctlm of incident electron energy, rising f’rm - 10.5 count per electron at  E~ = 20 kev t o  - unity at 

Ee 
response of the detector are assumed t o  be due t o  each componsnt 

of a two component beem of electrons Ee = 20 keV and of‘ 

Ee 
t o  be of the form Eon, then n - - 20, 

judged t o  be unreaaanakly steep and hence an effective threshold 

of Ee - 40 keV has been adopted. 

= 50 keV, If’, as an exaqde, eqml contributions t o  the 

= 40 keV and if the differential energy spectrum is taken 

Such a spectnrm is 



Qn the foregoing grounds, the response of the 21% 

detector I n  the mqpetospheric transition regia is attributed 

t o  electrons having 40 1 Ee < 200 kev. 
w CII 



A series of papers cmcemhg Explorer XIV measurements 

of electrans Ee > 40 keV beyond 8 have been published 

LEP. - w., van men, melpley, w mven, 1g3; M, 
van men, and ~ a g n o ,  1963; my ~reemm, and van -en, 

1964; Frank and Van Allen, 1963b; Frenk, 1w; a more 

de+ailed examiOation of measurements of electrons Ee > 40 keV 

i n  the vicinity of the sunward magnetopause i n  the following 

discussion &laws Further conclusions. A previously published 

example of the responses at the faur Geiger-MJeller tubes as 

a a c t i o n  of geocentric radial distance is shown in Figure 1 

Lm, VIELn Nlen, and MELCagno, 19q. A t  80,OOO km the 

sun-earbprobe w e  is 65" tmwd local marning. 

interest are the responses of the detectors beyond 60,OOO km. 

In this exangle, the magmtospherk boundary I s  delineated by 

the rapid decrease of the response of 213 (E, 2 40 keV) at 

a geocentric radial distance uf 69,OOO km. 

distance range 75,000 t o  90,OOO km a31 four detectars are 

counting at galactic cosnic ray rates, but P r m  90,OOO to  

95,000 Irm the 21% response increases above the background 

cosmic ray rate by a -tor of - 100 while the other detector 

responses ramin at their background cosmic ray rates, In  

particular it is noted that there is no corresponding peak in  

of specific 

Over the radial 
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the 2l3C response. Hence, this major btensity at 

92,000 km (as well as the lesser me at 72,500 km) i s  cm- 

clucively identif isd a8 being due t o  electrons having 

40 Ee ,< 200 kev (cf. Section II). An auxiliary, though 

non-essentiall, element of idezdAf'ication comes f'ram aotfng 

---- - 
that the intensity at the &des of the spike varies by a factor 

of ten within an apparent distance of 500 Inn whereas for the 

extreme case of a threshold energy (500 keV) proton moving at 

ri@t aagLes to a m e t i c  field as great a magnitude as,  

say, 30 gammas, the radius of' curvature of its path is  3400 h. 

There remains t o  be considered the possibility thrzt the 

apparently isolated spike at 92,000 km is  an observational 

artifact caused by the follawing hypothetical chain 

of circumstances: 

94,OOO Irm as the satellite slowly passed that point, but then 

was driven inward past the satellite t o  69,000 km by a gust 

of s0la;r wind. Such a case on October 1, 1961 has been pre- 

vicrusly repcffted Eosser, 1963, FQure 4, and discussiw7 i n  

the radial distance range 62,000 to 54,000 km. 

the "detached spike" case on October 1, 196l occurred during a 

nobbly disturbed period Fan Allen and Whelpley, l g q ,  in a 

The msgn&ospheric boundary was at 

It i s  noted that 

radial distance range characteristic o f  the magnetospheric 

b o u n d q  during late l96l ( .., 9 RE) and was characterized by 
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M electron spectrum and ar! ardered mpetic field similar to 

those inside the magnetospheric boundmy. 

The detached sgikes reparted in the present paper on 

~xplarer XIV dbservatians (such as ~ i g ~ r e  1) are af quite 

different character. The movirYg boundary hypothesis is reJected 

as as interpretation of these spikes and it is proposed that 

thsy axe characteristic of the transition region on the folluwlng - 
grounds. There is a tendency far the spikes to occur more 

prainently during disturbed periods as measured by B$ but 
even far I$ C 4 they are observed in about 50$ of the 

Explorer XIV passes (both inbound and outband). They lie in 

the radial distance range 10 to 14 %. The electron spectrum 

i s  much softer than that within the magnetospheric boundary 

and the intensities of electrons Ee > 40 keV are (usually) much 
less. Ihe spikes lie beyond the termination of measurable 

intensities of electrons Ee > 1.6 MeV, an alternative 

criterion for the lack of trapping conditions. A detailed 

study of the carrespanding Wlorer XIV magnetic data will be 

made later when such deta are available. Meanwhile it is noted 

that the magnetic field data of both Explorer XI1 and 

Explorer X V I I I  consistently show that the magnetic f i e l d  i s  

disordered beyond 10 REe 

- 
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Figure 2 displays a family of four typical cases of 

Explorer XIV observations under various canditions, The large 

Intensities (near the sunrise merid-) of electrms 

Ee > 4 0  keV shown In Figure 2A on 14 October 1962 extends t o  

R t  least satellite apogee position althau& the data are 

obtained at a simi3ar sm-earth-probe angle t o  that of the 

data presented In Figure 1, but apprcOrZumtely a week later, 

thus demonstrating the strong temparal changes i n  intensit ies 

an2 in the structure of the intensity profiles of electrons 

Ee > 40 keV. Fcrr the profile of' 14 October the magnetospheric 

boundary I s  not unambiguously defined by a single sharp 

decrease of electron Ee > 40 keV Intensities as is the case 

in Figure 1, but It is of importance t o  note that the radial 

termination of measurable intensities of electrons 

Ee > 1.6 MeV (a t  72,OOO km in F i g u r e  2A) is appraximately 

coincident with the position of a siagle precipitous decrease 

in electron Ee > 40 keV intensity. All of the execs arP 
Figures 1 and 2 suggest the terminatfan of the Ee > 1.6 MeV 

electron intensity as an alternate method aF defining the 

radial extent of' durable trapping of electrons within the 

earth's magnetosphere and hence the positian of' the 

magnetospheric boundary. The (rare) "spike" of 302 G&. 

respawe (Ee 3 1.6 MeV) at 90,oOO lm of Figure 2A has been 
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identified as due t o  penetraking e5eci;rons Ee > 1.6 MeV 

rather t b n  due t o  penetrating protans I$ > 23 MeV by natbg 

that the c k a c t e r i s t i c  Iarmos. radii of protons 5 > 23 MeV 
i n  these regions greatly exceeds ihe width Gf the peak 

( .,. 1000 h). In  F4,gures 2B asd 2C ~ l r e  sham the  intensity 

profiles of electrons Ee > 40 keV, > 230 keV, and 

> 1.6 MeV for consscutive inbound and uutbound passes 04 

June 11, 12, 1963. For both io+&nsity profiles the 

intensities of electrons Ze > 40 keV vary smoothly and 

then dacrease  rapidly at a geocestric radial distaQce of 

- 70,000 km, nearly coincident with the termhatian of 

observable electron Ee > 1.6 MzV intensities. 

24 hours s e p m t e  the measurements at 7O,OoO km f o r  these 

consecutive F?bound w d  outbaund passes.) Beyond the sunwszd 

magnetospheric buundary mult ip le  peaks of electron 

Ee 3 40 keV intensity extend t o  92,OOO km a a  83,000 Irm far 

the profiles of Figures 2B and 2C, respectively, within the 

transition region. This characteristic depth of 2 t o  3 

is i n  good agreement with the  magnetic field measurements of 

th5 dimensiatls of the transition region near the earth-sun 

line E e s s ,  Scearce, and Seek, 19m - and the outer tembat ion  

of these irregular Intensity profiles probably correspands t o  

the position of the transitian-shock front. An exarnple of a 

(Appraximately 
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pass for which no obsemble electron E > 40 keV intensities 

are found within the transition region i e  shown in Figure 2D 

w h i c h  dispUys the asnidirectioPlal intensity profiles of 

electrons for the inbound pess on July 13, 1963; the 

Icmtospheric boundsry is Wen fWm 'this graph t o  be at a 

geocentric r a d i a l  distance o f  p,OOO km. 

profiles provide an instructive, abriaed Wex t o  the large 

body of E3cplorer XIV measurements of electrans in the vicinity 

of the sunward magnetospheric boundary. 

The above set of 

A sunmary of Exglarer MV measurements of electrcms on 

the generally sunward side of the earth is given i n  Figure 3, 

as a function of local t i m e  and geocentric radial  distance. 

me magretospheric boundary is taken t o  be the position 05 the 

innermost majar drop of the intensity a9 Ee > 40 keV e lec t rms.  

Nearly the same position is obtained by the Ee > 1.6 MeV 

critericrr. All relevant Eszplorer XIV data during May-August 

1963 me included except for those near local sunset In 

agreement w i t h  previous studies - /kank, Van Allen, and 

Macagno, l g w  Lm, l g q  observable electron intensities 

are often found out t o  (am3 presumably beyond) the apogee 

position of Explorer XIV ( ... 16 %) near the sunrise and sunset 

meridian. A single representative orbit has been included in 



Figure 3 to shaw the chsracter of the orbit in these 

coordinates. af the 63 magnetospheric boundary passages 

depicted in Figure 3 there are 31 cases of observable electron 

Ee > 40 keV intensities wit-  the transition region. The 

typical radial separation between the magnetospheric 

boundary and the termination of transition regia electran 

irtensit ies is 2 t o  3 

w i t h  the dhensions of the traasition region observed with the 

Explorer XVIII magnetaneters. !Be characteristic radial 

extent of the magnetospheric boundary and of the transition 

region electron intensities is sham i n  Figure 3 t o  increase 

frm - 11-12 at local noon to - 14 - 14 % a t  local noon t o  16 % and beyond a* - 1600, 
respectively. 

and outbound passes although the avemge radial position of 

the magnetospheric boundary i s  perhaps sanewhat SmaUer 

(by 1 or 2 %) for Inbound passes.(Bzllptic latitudes at 

12 % near the earth-sun line are - 0" and - -35" for 

inbound and outbound passes, respectively.) 

near the earth-sun line i n  -at 

at - 1600 and f r a n  

No large dltYerence 0ccu.s between inbound 

The value of' 5 is never greater than 4 during the 

period of observations shown in Figure 3. The separate 

distributions of values for the 31 csses of observed 

transition zone spikes and far the 32 cases of' no observed 
5 



average Yp of t h  

20 

transition zone spikes overlap, t h  former 

being 2.5 and for the latterl.5. No spikes axe observed in 

several cases when yp = 0. 

Occurrence of transition zone spikes to be positively 

correlated Mth the velocity of the solar  wind Lmer, 

Neugebauer, and Bo, l g g .  

Hence there is  a tendency far the 
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The p r h c i p l  experimental rea-ults o? the present Imesti-  

gation of the Explorer XIV measurements of electrons Ee > 40 keV 

i n  the vicinity of the sunward magnetospheric boundary are: 

(1) A well-defined trapping boundary/electrons Ee 3. 43 keV 

on the sunward side af the magnetosphere is defined by a sharp 

decrease of intensity w i t h  increasing geocentric radial distance 

for 

at - ll new the earth-sun line. This trapping boundary 

has been previously shown t o  be coincident with the position 

of the magnetopause with shul tmeaus  electron and magnetic 

field measuremats by Explarer MI &eman, Van Allen, and 

-, 1 9 q .  

( 2 )  

(1) abwe is also approximately coincident with the termination 

of observable intensities of electrons Ee > 1.6 MeV. The 

position of ternination of electrons Ee > 1.6 MeV intensities 

may be used to extend the observational definition of' the 

The trapping baundary far electrms Ee > 40 keV of 

radial extent of durable tmpplng on the even- and m a r n i o g  

sides & the magnetosphere where the Irregular profiles of 

electrons Ee > 40 keV have a camplex structure beyond - 8 (see Mgue 2A). 

(3) 

t o  an3 outside of the magnetospheric boundary near the earth-sun 

In a region ~f - 2 t o  3 in radial thichness adjacent 
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line are found intensities of electrons 40 keV < Ee 
< 200 keV fran CI. 5 x lo3 (a2 sec)" (threshold intensity 

of the detector) to - 10 5 2  (cm sec)". These intensity profiles 

are usually characterized by multiple peaks and occur in 

magnetosphere presented heze . 
(4) 
increases .frm - ll 
a local time of - 1600. 
of observable electron Ee > 
transition resion increases frm - 14 near the earth-sun 

line to apogee position of 16 RE, and presumably beyond, at 
a lccal t h e  of - 1600 Ef. Franlr, Van Allen, and Macagno, 

1963; Frank, 1964, for surveys at local morning and eve-7. 

(5) 
detector intensity threshold of - 10 <cm2 sec1-l are not 
observed near the earth-sun line in the transition region but 

The average radial extent of the magnetospheric boundary 

near the earth-sun line to - 14 RE at 
The radial extent of the termination 

keV intensities i n  the 

Intensities of electrans Ee > 1.6 MeV exceeding the 

are found near local sunrise and sunset In  these regions during 

periods of geanenetic wtivity (to be reparted more 

thoroughly in a future publicatica). 

(6) 
electron Ee > 40 keV intensities in the transition region and 

gecmgnetic activity is indicated by &II average 

A positive correlation of the presence of observable 

= 2.5 for 5 
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the 31 cases of observaticn of electrons within the transition 

region and 8.n average I$ = 1.5 far the remlnlng 32 cases for 
which no observable intensities (i.e., 2 5 x I O 3  (cm 2 sec)”) 

h 

are present. 
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Prevlcnrs measuraients of energetic electruns 

Ee > 40 keV within the transition reglan have been publfshed, 

a l t h m  not with the completeness of the present discussion 

Further evidence of the presence of such electrons in the 

transition region has been provided recently by Explorer XVIII 

measurements with a 213 G.M. tube w i t h  a mica window of 

sirnilas thickness a s  t h a t  used in  the present study 

&derson and Harris, 1 9 q  and with a solid-state d e t e c t a  

Ern, Gloeckler, and Simpson, l g w  whose response is 

attributed t o  pile-up pulses f rm electrons 

160 keV or t o  singly counted electrons above 30 5 Ee - - 
the detector energy threshold af - 160 keV. F’rm the 

electran calibration data for the solid-state detector of 

Fan et aLa the aanaidirectionaJ. intensities of electrons 

necessary t o  yield 10 counts per second (a typical 

response of their detector in the transition region) are - lo8 (cm2 sec)” at 38 keV or - lo7 (a see)” a t  48 keV 2 

2 bgt only - 1 t o  10 (cm sec)” st Ee - 200 keP. In view of 
I 

the facts (1) that the intensities of‘ electrons Ee > 40 keV 

reported here, although obtained aver a dmeren t  time 
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above requirements in the energy range 40 4 Ee 5 50 keV, 

(2) that th2 efficiency of the solid state detectar rises by 

approoclmtely six orders of magnitude as the electron energy 

is increased by anly a factor of five A*cm 50 keV to  250 keV, 

and (3) that we are reporting in the present investigation 

electran Ee > 1.6 MeV intensities of appraximately - 10 (cm sec)" for occasional passes of Explorer XIV though 

the trSnsltios region, we suggest that their detector is 

rsspading, almost certainly, t o  electrons Ee > 160 keV. 

Ly 

2 

Mechanisms for the production of energetic electrons 

in the shock-transition region have been suggested by 

Kellogg E-, by Bernstein et  al. Egq, and by 
Scarf e t  al. Egq. A detailed confirmation of these 

theories cam& be obtabed solely fram the observations of 

electrons E=> 40 kevgresented here, but must came frcan a 

detailed correlation between these measurenents and those of 

lar-energy protons and electrons asd & the magnetic fields i n  

these regions. 

believe that the hwenergy t a i l  of the transition zone 

distribution of quasi-thermalized electrons i n  the 1-10 keV 

energy range @-eman, Van Allen, and Cahill, lw is of 

adequate intensity t o  account for the observation of 

electrans Ee > 40 keV reported h e r c h  and even of the lower 

It i s  already quantitatively reasonable t o  
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Intensities of electrons Ee > 160 keV reported by Fsn e t  al. 

(as supplemmted by the discussion above). 

of electrons is thought t o  be those of eoergy several hundred 

electron volts in the solar wind and the energy reqwed is  that 

of the directed motion of the positive ion cauponent af the 

s~lar wind as it exists before encounter w i t h  the outer fringes 

cf the earth's magnetic field. 

istensity above the 40 keV threshold of QUT detectar presupably 

indicates localized "hot spots" in the turbulent plasma. 

The primary supply 

The appearance of "spikes" of 

The occasimal appearance CCP electrons Ee > 1.6 MeV 

down-stream i n  the transition region toward local sunrise 

(see 2A) and the absence of measurable intensities of' 

electrons aQ these energies near the sun-earth line provides 

evidence for continuing acceleration of electrms ia the 

high-energy tail of the spectrum as the transition r e g i a  

plasma moves past the earth's magnetosphere. 

interest t o  note that the rzppemce at electrons 

Ee > 1.6 MeV i n  the morning and evening "skirts" of 

electron Ee > 40 keV intensiities beyond .Y 8 €$ is 

positively carrelated w i t h  an increase of electron 

Ee > 4 0  keV intensities i n  these regions and w i t h  gemagnetic 

disturbance as indicated by the planetary magnetic indices 

and 

E > 1.6 MeV is now being completed). Also, it is  knm 

It is  of f'urther 

5 
I$ (cf. Figure 2A, a general survey of electrons 



that  the intensities of electrons Be > 1.6 MeV i n  the center 

of the outer radiation zone decrease catastraph cally at the 

onset of severe ms@Etic disturbance, remain at l a w  values far 

several days, subsequently increase t o  a maximum value over a 

pzriod dependent m the GsheU. of interest  and then decay 

rzlatively slowly over a period of -veeks unti l  a new cycle 

begins @'. F'rank, Van Allen, and Hills, 1 9 g  Beeman, 

l9WY. 

energetic electrons in the outer zone and the appearance 

of energetic electrons Ee 

during periods of gecrmsgnetic activity, we simest that the 

temp- variations of energetic electrons in the outer zone 

are the result of inward, radial diffusion of energetic 

electrons f r c a n  the transition regioa in to  the outer radiation 

zone Over a period of a few days or mare (&dependent) and 

are intimately related t o  the sparadic production of relatively 

large numbers of energetic electrans in the transition region 

during periods of gecDnagnetic activity. Far example, if an 

electron Ee - 1.5 MeV I s  supplied t o  the L = 5 shell  (heart of 

the outer radiatian zone) by radial diPfusion frm the 

magnetospheric boundary at - 10 % and the flrst adiabatic 

invariant ,u is conserved in the process, then the particle 

energy required at Y 10 (B 50 7 )  i s  300 keV. Hence, 

On the basis of the details of the above morphology crf 

200 keV in the transition r eg ia  



if the Intensities of electrons Ee 

trtlnsiticm region are smU during magnetically quiescent 

periods ccanpared t o  those during relatively disturbed magnetic 

periods (as appears t o  be the case), relatively few electrcns 

E 2 1-6 MeV are supplied t o  the outer radiation zone by 

diffusim and the outer radiation zone intensities decrease i n  

mxrdance w i t h  quiescent loss mechanisms. The theory of 

diffusion of charged particles across t s h e l l s  has been treated 

orj.gkW3.y by Parker E m ,  - Herlofson / - i 9 g ,  and Davis and 

C u  E g g  and recently by H e m  et ale E9m, - Mead and 

Rdsada Egg ,  and Nakada et  al. E=. 
provide a basis for quantitative in te rpre ta t la  of eqm-imental 

knowledge t o  yield a m o r e  fundamental understaading Gf observed 

diffusicm rates, energy spectra, and source strengths. Since a 

diffusion ruechanim for outer zone c W g e d  particles will elso 

be reflected in the variation of spectra with geocentric radial 

distance (or L), we note that at 90,000 km of Mgure 2A 

J, (Ee > 40 k e V )  - .., 10 (cm sec)" and Jo (Ee > 1.6 MeV) - 5 (em2 sec)"; QP if the inte@;ral spectrum is represented 

by 

300 keV in the 
N 

Such theories should 

6 2  

over the energy range 40 keV t o  1.6 MeV then 

- 120 keV compared with a typical Eo 2 170 keV at 45,000 km Eo - 
and Eo 2: 340 keV at 25,000 Inn pear the magnetic equatorial 

plane -- bank, 19g. 



A rough estimate of the relative intensities of electrons 

10 keV and Ee > 40 keV In the transitfan 1 keV 4 Ee 

rqim can be obtained with the B@lmer XII low-energy 

electron measurements L@eeman, l g q  and the present results 

for Ee 4.0 keV, viz.: 
cu 

-1 1.05 (cm2 sec) 
10” (a2 set).' 

= 10-5 . Jo (Ee > 40 keV) 

Jo (1 keV .y Ee 4 cu 10 keV) 
m 

ktsiled c m l a t i o n s  with sinniltanems Explorer M V  magneto- 

meter measurements are expected t o  provide further conclusions 

concerning the observations of electrons Ee > 40 keV in the 

vicinity of the magnetospheric boundary reported here. 
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F%qm? 2. Several m a r e  examples of messurerceats of electrons 
i n  the sunward magnetosphere and beycad. 
a;ad geoul;,gnetlc Utitude at 7O,OOO l;zl are j.ncPw.cled for 
i&ercmparison of the prcfilea, 

Imal time 

F%gwe 3.  A qrephical su~pmftry of' the positims of %he geo- 

mm%tlc trapping bcnandzry a d  of the teI-4inctim of 
obsem31e iLtt?nsitles of electraas Ee > 40 k e V  i n  the 
trassitlsn rqbn as viewed In a local time-geocentric 
radial dtstsncs coordinate system. !Be dashed lines 
connect obsenratiaas obt-d for an irdlvidual  
inbound ar outbound pass. F%-.-s of numbers 1, 2, and 

3 in t h t s  gmph designate measurements for three sets  

of car.secut:xe irbound and outbound passes. Que mqd.e 
arblbal trace is shown. 
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